multiple system atrophy. 3 While all these variants are rare, progressive autonomic failure with multiple system atrophy is the most frequently encountered, and forms the basis of this study.
Although the underlying cause for the degeneration of autonomic neurons is unknown, the sites that are selectively affected have been defined. 4 Vulnerable structures include the corpus striatum, the substantia nigra, the pontine, olivary and dorsal vagal nuclei, the Purkinje cells of the cerebellum and the cells of the intermediolateral column in the spinal cord. In addition, a specific group of cells in the anterior horn of the sacral spinal cord, known as Onuf's nucleus,5 appears to be affected. There is some debate as to whether this loss of central autonomic neurons is accompanied by a loss of post-ganglionic sympathetic and parasympathetic nerves. The remarkable specificity of the lesions in these cases endows their investigation with a special interest since, from the study of the nature of this disorder, much may be deduced about the mechanisms of autonomic control in both disease and health. vascular consequences of progressive autonomic failure with multiple system atrophy, relatively few data are available concerning the disturbances of urinary continence and micturition that invariably accompany this disease. We present here the results of a detailed urodynamic, electromyographic and neurohistochemical study of the urethro-vesical dysfunction in 14 patients with progressive autonomic failure and multiple system atrophy. An attempt is made to correlate these findings with the localised neuro-pathological lesions known to occur in this disorder.
Patients
Fourteen patients (I I male and three female) were admitted for study. Their mean age was 56 years (range 43-67). All had significant orthostatic hypotension and a diagnosis of progressive autonomic failure with multiple system atrophy, based on the clinical features of autonomic failure, Parkinsonism and pyramidal signs and confirmed by physiological studies as described by Bannister3 (table) . None of the patients had Parkinson's disease with autonomic failure. Two of the patients (TR and KP) had, in addition to signs of multiple system atrophy, cerebellar signs pointing to the additional feature of olivo-ponto-cerebellar atrophy, a recognised associated feature of multiple system atrophy. 3 A group of 10 controls were also studied (mean age 53 years); these were patients who had been admitted for renal or ureteric surgery and who complained of neither micturition disturbance nor incontinence. All patients provided written, informed consent.
Methods
A history was obtained from each patient and a physical and neurological examination performed. Blood urea levels were measured and an intravenous urogram carried out in every case. Urodynamic assessment was performed using mediumfill cystometry with simultaneous radiography as described by Bates.6 Simultaneous electromyography (EMG) was not performed because the low overall level of pelvic floor and sphincter activity made the use of surface electrodes impractical. Other authors7 8 have reported similar difficulties in obtaining synchronous EMG and urodynamic recordings in patients with progressive autonomic failure and multiple system atrophy. Instead EMG recordings from the striated muscle of the urethral sphincter9 were made in male patients with the subject in the left lateral position with flexed knees. Women lay supine with hips flexed and abducted. A concentric needle electrode (Disa, 30 mm in length, 0-45 mm tip diameter) was used. In male subjects the needle was inserted through the perineum in the midline and the tip guided to the level of the apex of the prostate by a finger in the rectum; in female patients the electrode was inserted at a point 1 cm lateral to the urethral meatus and guided towards the midline. Positioning of the needle tip was aided by listening to the audio output from the electrophysiological recording unit (Medelec MS6). Individual motor units were identified using a delay line and signal triggering; they were recorded on light-sensitive paper, either by repeated superimposition, or as a "falling leaf' display. A mean of seven spontaneously firing motor units were analysed from each patient; the small size of the muscle, particularly in females, limited the number of needle position changes that could be made. The consistency of waveform seen on examining a motor unit confirmed that the potentials were produced by a single motor unit. The duration and amplitude of individual units were measured from photographic records; the number of phase reversals of voltage of more than 100 microvolts were determined, and a unit was considered to be polyphasic if more than five phase reversals occurred.
Bladder muscle samples were taken during cystoscopy using Storz biopsy forceps. Tissue was taken from an area 2 cm lateral to the ureteric orifices on each side, and from the trigonal region, then rapidly frozen in liquid nitrogen slush When patients with progressive autonomic failure and multiple system atrophy were asked to micturate none was able to initiate or maintain detrusor conKirby, Fowler, Gosling, Bannister traction. Voiding was achieved entirely by abdominal straining, which produced only an intermittent flow. The mean residual urinary volume was 233 ml (± 148).
In the control group urethral sphincter EMG revealed individual motor units that were usually of normal configuration ( fig 3A) and 94% of units were shorter than 6 ms in duration and less than 2 tV in amplitude ( fig 3B) . By contrast, in patients with progressive autonomic failure and multiple system atrophy, 56% of units were polyphasic (fig 4A) , and 66% demonstrated measured parameters outside the control range ( fig 4B) . In no individual patient with progressive autonomic failure and multiple system atrophy were less than 40% of the recorded motor units abnormal, while in no individual control patient were more than 10% of the motor units abnormal.
Detrusor muscle biopsy specimens processed for tissue cholinesterases, demonstrated enzyme-positive autonomic nerve fibres in all patients (fig 5) . Their arrangement and distribution in patients with progressive autonomic failure and multiple system atrophy was subjectively similar to that in controls. However, quantitative assessment of these nerves revealed a mean density of 232 (± 58) nerves/mm2 in patients with progressive autonomic failure and multiple system atrophy, compared with a density of 497 (± 86) nerves/mm2 in the control group (fig 6) . This difference was statistically significant (p < 0-01). Catecholamine-containing nerves, although exceedingly sparse, were present in specimens both from patients with progressive autonomic failure and multiple system atrophy and from controls.
Discussion
The disturbances of continence and micturition that are the main presenting feature of progressive autonomic failure with multiple system atrophy often progress to the extent that they become the patient's most distressing and disabling symptoms. The present study suggests that they are due to a combination of bladder and urethral dysfunction, which is the result of degeneration of specific autonomic and somatic neurons.
In each of our 14 patients with progressive autonomic failure and multiple system atrophy, the bladder failed to accommodate normally to filling by receptive relaxation. The neurophysiological mechanisms by which bladder accommodation normally occurs are incompletely understood. However, there is evidence in experimental animals that inhibitory influences from the midbrain are important12 and the areas involved in this inhibition have been identified as the globus pallidus"3 as well as the pigmented nuclei, especially the substantia nigra. 4 it is precisely these loci that may be affected by neuronal degeneration in progressive autonomic failure with multiple system atrophy; all previous reported cases from which neuropathological data are available showed some degree of nigral damage, and many had cell loss from the corpus striatum. ure with multiple system atrophy is always accompanied by a depletion of peripheral autonomic nerves. It has been shown that plasma noradrenaline levels are low in many cases, and fail to rise when the patient is tilted.24 25 However, such findings could be consistent either with loss of post-ganglionic sympathetic nerves or with decreased impulse traffic due to central neuronal loss. Nanda et a126 have reported normal adrenergic innervation of the blood vessels which supply skeletal muscle in some patients with neurogenic orthostatic hypotension, while Bannister et a127 on the other hand, have shown a reduction in both pure progressive autonomic failure, and progressive autonomic failure with multiple system atrophy. In the present study, the density of acetylcholinesterase-positive nerves in the bladder was quantitatively less than that in controls. This suggests that some parasympathetic nerve degeneration may occur in peripheral as well as central locations in these patients. Unfortunately, it was not possible to obtain similar data on peripheral sympathetic inner- . may lie in the demonstration by Sung et al3" that patients with progressive autonomic failure and multiple system atrophy suffer specific neuronal degeneration of Onuf's nucleus, a particular area within the anterior horn of the sacral cord, which has been shown in experimental animals31 to be responsible for the innervation of the external anal and striated urethral sphincters. Degeneration of the motor neurons at this site would result in denervation of sphincter muscle fibres; and reinnervation could result from collateral sprouting of surviving motor nerves, as is seen in skeletal muscle in motor neuron disease.32 It is known that the striated urethral sphincter muscle plays a part in producing the rapid adjustments of urethral pressure necessary to prevent urinary leakage when intra-abdominal pressure rises, or unstable bladder contractions occur. Loss of the ability to achieve such adjustments, especially when associated with involuntary detrusor contractions and incompetence of the proximal urethra, may account for the severity of urinary incontinence in patients with We thank Sally-Anne Gilpin for assistance with the processing and the quantitative analyses of bladder muscle biopsies and Ann Yeoman for her secretarial help.
